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ABSTRACT 
A routine soil testing procedure for soil N mineralization is needed that is rapid and precise. Not 
accounting for N mineralization can result in over application of N, especially in soils with a 
history of manure application. Our objectives were to compare results from a recently proposed 
rapid lab procedure with i) long-term N mineralization under standard laboratory conditions, ii) 
actual forage N uptake from soil receiving dairy cattle (Bas taurus) manure in a two-year field 
study and iii) yields of various crops throughout Texas and Oklahoma. The rapid procedure is 
based on the quantity of CO2-C evolved for 24 hours under optimum laboratory conditions 
following the rewetting of dried soil. Results of the one-day CO2 procedure were highly 
correlated with soil N mineralized from samples collected in March of 1995 and 1996 from a 
manure study and with forage N uptake both study years. Residual inorganic N in the same soil 
samples was much more poorly correlated with forage N uptake. Results of the rapid procedure 
were also highly related to yields of ryegrass, grain sorghum, corn, and wheat in 1996 - 1999. 
INTRODUCTION 
Accurate prediction of the quantity of N that will be mineralized from soil organic matter 
during a growing season would result in more efficient use of N fertilizers and manure and 
decrease the potential for surface and groundwater contamination. Several N mineralization 
procedures have been proposed, but these methods generally are not suited for routine soil 
testing because of lengthy time periods required. Decay series concepts have been used to 
estimate N mineralization from animal wastes, but these estimates often are site specific, may not 
change with changing soil conditions, and require an accurate history of previous waste 
additions. Residual inorganic soil N, usually as N03, has been used to estimate crop N needs in 
low rainfall areas, but has not been as useful in higher rainfall regions, possibly because of losses 
due to leaching and denitrification. The pre-sidedress soil N03 test proposed by Magdoff et al. 
(1984) is based on the premise that not sampling a crop until a specified growth stage allows N 
mineralization and losses to occur as long as possible before an N fertilizer decision is made. 
However, acute N deficiencies may limit yield prior to sampling and logistics of complete in-
season fertilizer N application may be difficult, especially with large acreage. Blackmer et al. 
(1989) stated that reducing N fertilizer input by identifying non-responsive soils in Iowa was an 
important use of the pre-sidedress test. 
Soil organic N is mineralized as a consequence of organic C oxidation, and CO2 
evolution has accordingly been proposed as an estimator of soil N mineralization. Castellanos 
and Pratt (1981) demonstrated that C02 evolved during a one-week aerobic incubation of manure 
was satisfactory for predicting plant N availability in a long-term greenhouse trial, while 
Gilmour et al. (1996) showed a similar result for biosolids. Franzluebbers et al. (1996) indicated 
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that soil N mineralization and soil microbial biomass were significantly related to soil C oxidized 
to CO2 in as little as one day after rewetting dried soils. 
Prediction of organic C and N dynamics after rewetting dried soil has a sound theoretical 
basis. Moderate drying kills a portion of the soil microbial biomass and renders a fraction of soil 
organic matter mineralizable because of physical disturbance (van Gestel et aI., 1991). The flush 
of microbial activity, indicated by CO2 evolution, that occurs soon after soil wetting probably 
reflects contributions from soil microbial biomass and other active, easily mineralizable organic 
pools. Most biologically-based procedures require the use of field moist soil. Soil testing labs 
most commonly use dried soils. Thus, a rapid method for soil N mineralization that uses dried 
soils is preferred. 
The objective of our study was to determine relationships between the flush of CO2 for 
one day after rewetting dried soil and potential soil N mineralization, crop yield, and crop N 
uptake. 
MATERIALS AND METHODS 
Samples from the surface 7.5 cm ( 3 in.) of soil were taken from experimental studies of 
annual ryegrass, coastal bermudagrass, wheat, corn, and grain sorghum before planting or spring 
growth in Texas and from producers' fields prior to wheat planting in Oklahoma. Some trials 
received dairy cattle manure, while others received only inorganic N fertilization. Samples were 
dried at 40°C for 24 hours in a forced-draft oven and sieved through a 5-mm screen. 
Soil C and N mineralization were determined on subsamples wetted to 55% water-filled 
pore space and incubated in 1-L glass jars. Carbon mineralization was determined from CO2 
trapped in 10 mL of 1 M KOH during 24 hours of incubation at 25°C (Franzluebbers et aI., 
1996), followed by titration with standardized HCl. An infrared CO2 analyzer was also used in 
one study to determine if predictions could be made in less than 24 hours. Nitrogen 
mineralization was determined from soil inorganic N concentrations at 0 and either 24 or 30 days 
of incubation. Inorganic N was extracted from samples using 2 M KCI and determined by an 
auto analyzer. Other characteristics determined in selected studies included soil organic C and 
soil microbial biomass C and N. 
RESULTS AND DISCUSSION 
Carbon dioxide evolved in as little as six hours after rewetting dried soils was 
significantly related to soil N mineralized in 30 days (Fig. 1). Coefficients of determination (1'2) 
for CO2 evolved in 6 to 24 hours after soil rewetting and long-term soil N mineralization were 
usually greater than 0.80. 
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Figure 1. Relationship of CO2 evolved in six hours after wetting 
dried soils and soil N mineralized in 30 days. 
Carbon dioxide evolution for 24 hours after rewetting dried soil was also highly related to 
other soil biological properties in samples pooled across soils, locations, crops, and management 
practices, including manuring (Fig. 2). 
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Figure 2. Relationships of COrC evolved for 24 hours after rewetting dried soil and other soil 
biological properties. 5mbc and 5mbn represent soil microbial biomass C and N, 24 d Cmin and 
Nmin denote soil C and N mineralized in 24 days, and Ste and Ovt represent the Stephenville 
and Overton sites. 
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One-day CO2 evolution was significantly (P<O.OOI) related to soil microbial biomass C 
and N, and longer-term (24 day) soil C and N mineralization, implying that this procedure may 
also be a useful predictor of other soil biological properties. Results from several hundred 
samples taken over the last five years from very diverse soils and cropping systems show the 
flush of C02 for 24 hours from dried and rewetted soils to be an excellent predictor of longer-
term soil C mineralization. Results also indicate that this procedure may be useful in studies 
determining the activity of organic C and soil quality in different soils. 
Soil microbial biomass can be both sink and source for C and N and is the agent for 
decomposition and nutrient cycling. When microbial biomass in soil was increased through 
addition of the amino acid, arginine, the flush of CO2 after drying and rewetting these soils was 
very highly correlated with biomass C, indicating that this procedure is likely measuring a 
consistent proportion or fraction of microbial biomass (Fig. 3). 
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Figure 3. Relationship of CO2-C evolved in 24 hours after rewetting 
dried soil and soil microbial biomass. Percentages represent 
additions of arginine by weight. 
In the manure study, the one-day CO2 procedure was more highly correlated with N 
uptake by coastal bermudagrass than was soil organic C, soil microbial biomass C, or longer-
term soil CO2 evolution. It was also more highly correlated with bermudagrass N uptake than 
residual inorganic soil N, the normally tested parameter for N availability (Haney et aI., 2001) 
(Fig. 4). 
Results of the one-day CO2 procedure were also highly related to yields of ryegrass, 
wheat, corn, and grain sorghum in various studies in 1996 through 1999 (Fig. 5). Study locations 
extended from the Texas Coastal Bend to the Southern High Plains to the East Texas 
Timberlands and into southwestern Oklahoma. The poorest correlation was significant at P=O.O 1, 
with most probabilities approaching or at P<O.OOI. 
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Figure 4. Relationships of CO2-C evolved in 24 hours after rewetting dried soil and 
residual soil inorganic N with coastal bermudagrass nitrogen uptake from manured soil. 
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Figure 5. Relationships of COrC evolved in 24 hours after rewetting 
dried soils and crop yields in Texas and Oklahoma. 
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